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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present Invention relates to titanium alloys 
and titanium alloy materials or materials made of the ti- 
tanium alloys, and more particularly to titanium alloys 
which are well workable in a cold state, well hardened 10 
by working and have low modulus of elasticity or low 
Young's modulus, and titanium alloy materials or mate- 
rials made of the titanium alloys. 

2. Description of the Prior Art 15 

[0002] For use in accessories, spectacle frames, daily 
necessaries, office supplies, medical instruments and 
the like, it is desirable that titanium alloys are well 
worked during processing in a cold state such as rolling, 20 
wire-drawing, press-forming, or swaging. Additionally, 
for materials thus formed of the titanium alloys into pre- 
determined shapes by such cold working, it is required 
that they have high strength, high hardness, high resist- 
ance for wearing, and high flexibility. 25 
[0003] To date, with respect to their constitutions, 
three kinds of titanium alloys have been known, that is, 
pure titanium metal or a-type titanium alloys with less 
than 1 0 weight % Zr and/or Al, (a + P)-type titanium al- 
loys with several weight % Al and/or V, and p -type tita- so 
nium alloys with more than 20 weight % V and/or Nb. 
[0004] Although the pure titanium metal and a-type 
titanium alloys are well workable in a cold state, they do 
not become so strong or hard even after cold working 
with a reduction ratio of sectional area or a rolling rate 35 
of 90 % that the hardness thereof reaches only Hv 250 
to 270 and they have modulus of elasticity of 1 00 to 1 05 
GPa. 

[0005] The (a + p )-type titanium alloys are not easily 
worked in a cold state especially with a reduction ratio *o 
of sectional area more than 50 % such that cracks may 
frequently occur during cold working. Although their 
hardness may become as high as Hv 300 to 350 by cold 
working with a reduction ratio of sectional area of 50 to 
60 %, they have modulus of elasticity of 1 00 to 1 1 0 GPa, 45 
resulting in low flexibility. 

[0006] The p -type titanium alloys generally are more 
workable than the (a + p )-type titanium alloys and can 
be worked with the reduction ratio of sectional area of 
90 % such that their hardness may become as high as so 
Hv 280 to 330 by cold working, though they are less 
strong than the (a + p )-type titanium alloys. However, 
they have modulus of elasticity of 80 to 90 GPa, resulting 
in higher flexibility. 

[0007] Although the strength of the p -type titanium 55 
alloys can be increased by aging heat treatment, the 
process is complicated and increases their brittleness, 
resulting in preventing industrialization of the process. 
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[0008] Titanium alloys are useful materials for watch- 
es, spectacle frames, office supplies and the like, and it 
has long been desired to improve workability in a cold 
state, strength or hardness, and flexibility thereof for 
such uses. 

[0009] In detail, improvement in the following proper- 
ties is desired for titanium alloys: 

(a) workability in a cold state with a reduction ratio 
of sectional area more than 90 %; 

(b) tensile strength of 1000 to 1200 MPa or hard- 
ness of Hv 350 to 400 to be attained by cold working 
without heat treatment; 

(c) flexibility with modulus of elasticity less than 80 
GPa; and 

(d) density not to be largely increased from that of 
pure titanium metal. 

SUMMARY OF THE INVENTION 

[0010] It is, therefore, a primary object of the present 
invention to provide titanium alloys satisfying the desires 
described above by the improvement of the (a + p )-type 
titanium alloys. 

[001 1] In accordance with a first aspect of the present 
invention, there is provided a titanium alloy having a 
composition represented by the chemical formula 
Ti 100 _ x M1 x , wherein M1 is at least one element selected 
from the group consisting of Zr, Hf, Nb, Ta and V, x is 
atomic % or the sum of atomic % of the element(s), and 
x is 20 to 80 atomic %. 

[0012] In practice, in the titanium alloy described 
above, x may be 20 to 50 atomic %, the density thereof 
may be equal to or less than 1 .5 times that of pure tita- 
nium metal, preferably equal to or less than 1 .2 times, 
and the tensile strength before cold working may be de- 
fined to be 500 to 800 MPa. 

[001 3] Further, in the first aspect of the present inven- 
tion, there is provided a titanium alloy material obtained 
by cold working of the titanium alloy described above. 
In this case, the reduction ratio of sectional area during 
the cold working preferably may be defined to be 50 to 
95 %, the titanium alloy may be treated by aging heat 
treatment after the cold working, and the temperature of 
the aging heat treatment preferably may be defined to 
be 300 to 800 °C. 

[0014] In accordance with a second aspect of the 
present invention, there is provided a titanium alloy hav- 
ing a composition represented by the chemical formula 
7i 100 . x . y M1 x M2 y , wherein M1 is at least one element se- 
lected from the group consisting of Zr, Hf, Nb, Ta and V, 
x is atomic % or the sum of atomic % of the element(s), 
M2 is at least one element selected from the group con- 
sisting of Al, Sn, Mo, Cr, Ag, Au, Pd, Pt, Ni, Co, Fe, Si, 
Mn, B, Mm, Sc, Y t La, Ce; Pr, Nd and Sm, y is atomic % 
or the sum of atomic % of the element(s), and the sum 
of x and y is 20 to 80 atomic %. 
[0015] In practice, in the titanium alloy described 
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above, y may be 0.1 to 10 atomic %, preferably 1 to 5 
atomic %, the sum of x and y may be 20 to 50 atomic 
%, the density of the titanium alloy may be equal to or 
less than 1 .5 times that of pure titanium metal, prefera- 
bly equal to or less than 1 .2 times, and the tensile 
strength before cold working may be defined to be 500 
to 800 M Pa. 

[0016] Further, in the same manner as the first aspect 
of the present invention, the second aspect of the 
present invention also provides titanium alloy materials 
of higher strength by cold working and aging heat treat- 
ment of the titanium alloys described above. 
[0017] Reasons for the selection of elements consti- 
tuting the titanium alloys in accordance with the present 
invention and the limitation of chemical compositions 
thereof will be described. 

[0018] Firstly, generally speaking, the titanium alloys 
as component materials are desired to have a small 
density for every use. Secondly, before cold working, the 
titanium alloys are required to have adequately low 
hardness or low tensile strength of 500 to 800 MPa for 
smooth processing. Thirdly, as explained in detail here- 
inafter, the titanium alloys should be constituted of a ho- 
mogeneous mixture of a -phase and p -phase and, after 
cold worked hard, amorphous layers should be formed 
at the grain boundaries between a -phase and p -phase, 
where atoms are randomly arranged. 
[0019] With such a constitution, the titanium alloys 
can be worked hard in a cold state continuously without 
annealing to attain high hardness but to retain low mod- 
ulus of elasticity. 

[0020] The inventor has investigated many kinds of 
titanium alloys to select elements constituting the titani- 
um alloys and to determine chemical compositions 
thereof in order to achieve the objects of the present 
invention, resulting in the elements and chemical com- 
positions as claimed in claims described hereinafter. 
[0021] in the titanium alloys in accordance with the 
present invention, a phenomenon called work harden- 
ing is important. Generally speaking, work hardening is 
a phenomenon occurring during plastic working of met- 
als or alloys below their recrystallizatibn temperature, 
wherein the hardness or tensile strength thereof is in- 
creased according to an increase of work rate, resulting 
in a rapid increase of force to be applied for the working. 
This phenomenon is caused by increase of the number 
of dislocations in crystals to make movement of atoms 
difficult. In the titanium alloys in accordance with the 
present invention, as described above, after cold 
worked hard, amorphous layers are formed at the grain 
boundaries between a-phase and p -phase, where at- 
oms are randomly arranged. Due to such a constitution 
different from usual crystalline structures is caused 
unique plastic deformation by cooperative movement of 
the amorphous layers in place of usual plastic deforma- 
tion. As a result, the present titanium alloys have such 
remarkable characteristics as good workability in a cold 
state, good hardenability and large flexibility. 



4 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Other objects, features and advantages of the 
present invention will be more readily appreciated from 
5 the following detailed description of preferred embodi- 
ments thereof when taken together with the accompa- 
nying drawings, in which: 

Fig. 1 illustrates the relationship between the reduc- 
10 tion ratio of sectional area (%) in cold working and 
the tensile strength (MPa) for Example No. 16; and 
Fig. 2 illustrates the relationship between the reduc- 
tion ratio of sectional area (%) in cold working and 
the tensile strength (MPa) for Example No. 1 7. 

15 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Hereinafter, embodiments of titanium alloys 

20 and titanium alloy materials in accordance with the 
present invention will be described in detail, wherein M1 
is at least one element selected from the group consist- 
ing of Zr, Nb, Ta and V, and M2 is Af. 
[0024] An amount of pure metals mixed according to 

25 a predetermined chemical composition was melted in a 
non-oxidizing atmosphere or, in this case, in vacuum by 
an arc furnace and cast into a water-cooled metallic 
mold to obtain an ingot of 1 0 mm in thickness. The ingot 
was retained in vacuum at 1100 °C for 24 hours for ho- 

30 mogenization and cooled rapidly at a speed more than 
5 °C/sec. Then, the ingot was cold-rolled to obtain a 
specimen of 1 .0 mm in thickness with the reduction ratio 
of sectional area of 90 %. Specimens thus provided in- 
clude Examples No. 1 to 19. 

35 [0025] In Table 1 are shown characteristics of the 
nineteen examples such as chemical composition in 
atomic %, density, mechanical properties after cold 
working with the reduction ratio of sectional area of 90 
% including tensile strength (MPa), hardness Hv (load 

40 500 g), modulus of elasticity (GPa), and corresponding 
claims in their chemical compositions (corresponding 
figures). 

[0026] As is clearly seen from the table, the density of 
the titanium alloys each is less than 1.5 times that of 

45 pure titanium metal, that is, 4.5, and mostly less than 
1 .2 times. This means that the density of the titanium 
alloys each in the table is not largely increased from that 
of pure titanium metal. Although it is not shown in the 
table, before cold working, all samples listed here had 

so the low tensile strength of 500 to 800 MPa to be well 
workable in a cold state. 

[0027] In all examples, any crack was not detected af- 
ter cold working even with the reduction ratio of sectional 
area of 90 %. The tensile strength after cold working was 
55 as high as 1040 to 1260 MPa and the hardness Hv also 
was as high as 350 to 420. The modulus of elasticity, 
however, was less than about 80 GPa to provide large 
flexibility. 
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[0028] The attached drawings illustrate relationships 
between the reduction ratio of sectional area (%) in cold 
working and the tensile strength (MPa), Fig. 1 for Exam- 
ple No. 16 and Fig. 2 for Example No. 17, respectively. 
As is understood from the figures, each example has 
low tensile strength of about 700 MPa before cold work- 
ing and high strength of about 1 1 00 MPa after cold work- 
ing, being well workable even with a reduction ratio of 
sectional area of 95 %. 

[0029] Some examples of aging heat treatment of the 
titanium alloys in accordance with the present invention 
will be described. In Examples Nos. 11 and 16, the tita- 
nium alloys were treated by aging heat treatment at 
400°C for 5 hours after cold working with the reduction 
ratio of sectional area of 90 %, resulting in increase of 
the tensile strength from 1250 to 1600 MPa and from 
1060 to 1400 MPa, that is, about 30 %, respectively. 
Thus, the tensile strength and hardness of the titanium 
alloys can be increased by aging heat treatment after 
cold working. Temperatures of the aging heat treatment 
are determined in the range from 300 to 800°C depend- 
ing on the kind of the titanium alloys and their use. 
[0030] In other embodiments, M1 was at least one el- 
ement selected from a group including Hf in addition to 
Zr, Nb, Ta and V, and M2 was at least one element se- 
lected from a group including Sn, Mo, Cr, Ag, Au, Pd, 
Pt, Ni, Co, Fe, Si, Mn, B, Mm, Sc, Y, La, Ce, Pr, Nd and 
Sm in addition to A1 . By these embodiments, the object 
of the present invention was also achieved. 
[0031] Although the titanium alloys are formed into 
predetermined shapes by cold working as described 
above, they can be formed by press-forming after hav- 
ing been pulverized. 



Claims 



4. A titanium alloy as claimed in claim 1 or 3, wherein 
y is 1 to 5 atomic %. 

5. A titanium alloy as claimed in one of claims 1 to 4, 
5 wherein x is 20 to 50 atomic %. 

6. A titanium alloy as claimed in one of claims 1 , 3 or 
4, wherein the sum of x and y is 20 to 50 atomic %. 

10 7. A titanium alloy as claimed in one of claims 1 to 6, 
wherein the density of the titanium alloy is equal to 
or less than 1 .5 times that of pure titanium metal. 

8. A titanium alloy as claimed in one of claims 1 to 7, 
15 wherein the density of the titanium alloy is equal or 

less than 1 .2 times that of pure titanium metal. 

9. A titanium alloy as claimed in one of claims 1 to B, 
wherein the tensile strength before cold working is 

20 defined to be 500 to BOO MPa. 

10. A titanium alloy material obtained by cold working 
of the titanium alloy claimed in one of claims 1 to 9. 

25 11. A titanium alloy material as claimed in claim 10, 
wherein the reduction ratio of sectional area during 
the cold working is defined to be 50 to 95 %. 

12. A titanium alloy material as claimed in claim 10 or 
30 11, wherein the titanium alloy is treated by aging 

heat treatment after the cold working. 

13. A titanium alloy material as claimed in claim 12, 
wherein the temperature of the aging heat treat- 

35 ment is defined to be 300 to 800°C. 



1 . A titanium alloy having a composition represented 
by the chemical formula Ti 100 . x . y M1 x M2 y , wherein 

M 1 is at least one element selected from the group *o 
consisting of Zr, Hf, Nb, Ta and V, x is atomic % or 
the sum of atomic % of the element(s), M2 is at least 
one element selected from the group consisting of 
Al, Sn, Mo, Cr, Ag, Au, Pd, Pt, Ni, Co, Fe, Si, Mn, 
B, Mm, Sc, Y, La, Ce, Pr, Nd and Sm, y is atomic % 45 
or the sum of atomic % of the element(s), and the 
sum of x and y is 20 to 80 atomic %. 

2. A titanium alloy having a composition represented 

by the chemical formula Ti 100 _ x M1 x , wherein M1 is so 
at least one element selected from the group con- 
sisting of Zr, Hf , Nb, Ta and V, x is atomic % or the 
sum of atomic % of the element(s), and x is 20 to 
80 atomic %. 

55 

3. A titanium alloy as claimed in claim 1 , wherein y is 
0.1 to 10 atomic %. 
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